(HDN) and hydrodeoxygenation (HDO) of coal-derived naphtha and its model compounds were examined by using a catalyst nickel-molybdenum supported on alumina. There are three types of nitrogen compounds in coal-derived naphtha. They are pyridine, pyrrole, and aniline.
Introduction
The naphtha fraction derived form coal is expected to be one of the most suitable blending stocks for motor gasoline because of its high contents of cyclic hydrocarbons. Hydrogenated coal naphtha has been found to be preferable for reforming to the corresponding petroleum fraction in our preliminary study. Since the contents of nitrogen and oxygen are high in the coal naphtha, the amounts of these elements must be reduced to acceptable levels to meet the specification of nitrogen content less than 1N ppm for the consecutive reforming step. While removing sulfur is the main objective in hydrotreating of petroleum naphtha, removing nitrogen and oxygen is essential for coal naphtha.
It is widely recognized that the removal of nitrogen-and oxygen-containing compounds requires severer conditions than the removal of sulfur-containing compoundsl1)-9). The properties of coal naphtha will affect HDN and HDO performances.
However, most of the studies on HDN and HDO have been developed with a single model compound system; and neither practical feed stocks nor mixtures of model compounds have been satisfactorily examined compared with single model compounds3)-9). In this work three kinds of coal naphtha have been investigated; naphthas derived 700N m3/kl, and LHSV of 2.0, were used before and after the run to guarantee that the catalyst had not deactivated during the run. 2.3. Analysis Gaseous products were measured by on-line gas flow meter and analyzed by on-line gas chromatography.
Liquid products were measured using a load cell in order to calculate material balance, product yields and hydrogen consumption.
The total nitrogen content in the liquid products was determined using a chemiluminescence analyzer (Mitsubishi Kasei, TN05). The amount of total oxygen was estimated by IR detection after converting the oxygenates to carbon monoxide in a combustion tube (Heraeus, CHN-O Rapid) under oxygen-free atmosphere.
For identification and quantification of each molecule an external standard method, for carbon and oxygen a gas chromatography (HP5890II) equipped with an atomic emission detector (HP5921A), and for nitrogen a nitrogen-phosphorous detector were used, respectively.
Results

3.1.
HDN and HDO of Coal-derived Naphtha 3.1.1.
Properties of Coal-derived Naphtha The properties of coal naphtha derived from NEDOL process (in Japan) and BCL process (in Australia) are tabulated in Table 1 . Concentrations of the representative nitrogen-and oxygencontaining compounds are tabulated in Table  2 Nitrogenand Oxygen-compounds in Coal-derived Naphtha system or reaction).
In the other case, all the compounds were added together and made to react simultaneously (referred to as three nitrogencompound system). On the one hand, each nitrogen-containing model feed for single system was prepared to meet the requirement of 0.3N wt% nitrogen content.
On the other hand, the feed for three nitrogen-containing system, the total content was also 0.3N wt%, 0.1N wt% each.
Phenol In contrast, in (B) are the results of HDN reaction of a pyridine, pyrrole, and aniline mixture in which the reaction was performed simultaneously as coal-derived naphtha.
In the case of the single reaction, the removal of pyridine (pyridine and piperidine) was the most resistant among the three nitrogen compounds as indicated in Fig. 5 (A) . This is an inconsistent result with the result of HDN of coal-derived naphtha.
However, the result of the simultaneous reaction of the three nitrogen compounds in the same phase shown in Fig. 5 (B) represents a similar performance as that of the coal-derived naphtha as shown in Fig. 3 On the one hand, the rate of HDN was expressed as follows, assuming that hydrogen was adsorbed on different sites from the sites on which nitrogencontaining compounds was adsorbed. They also resulted in the same order as Aue et al. had determined. Therefore the reactivity of each nitrogencontaining compound could be explained by its GB; the greater is the GB value of a molecule, the stronger is its adsorption onto the catalyst surface. This is expressed by Kani>Kpyr. As a consequence, the order of rate would be rani>rpyr because HDN rate is almost the same when HDN reaction is performed individually.
The terms of rani and rpyr stand for HDN rate of aniline and pyridine, respectively.
In contrast to the single reactions, pyrrole is more reactive than aniline in simultaneous reactions. The value of Kpyrkpyr will then be larger than that of Kanikani. The denominator of the equation for the reaction of pyrrole and aniline together is the same at any reaction time. 4.2.
HDO Performance of Coal-derived Naphtha As shown in Fig. 6 , hydrodeoxygenation (HDO) of phenol is strongly inhibited by coexisting nitrogen-containing compounds. Though phenol is an acidic compound and such nitrogencontaining compounds as pyridine, pyrrole, and aniline are basic compounds, these two types of compounds react competitively14). Myton et al. calculated the phenol GB value to be 149.6kcal/ mol, while GB's of pyridine, pyrrole, and aniline were in the range of 199.4-209.8kcal/mol; moreover, the adsorption equilibrium constant of phenol would be less than the constants of the nitrogen-containing compounds.
Consequently, the HDO of phenol could also be explained by the Langmuir-Hinshellwood type competitive reaction.
Conclusions
Hydrodenitrogenation (HDN) and hydrodeoxygenation (HDO) of coal naphthas derived from NEDOL Process, Process Support Unit, in Japan, and those derived from BCL Process in Australia were examined in order to clarify the reactivities of nitrogen-and oxygen-containing compounds, and the results are compared with those of individual reactions. A Lungmuire-Hinshellwood type competitive reaction is suggested for the reaction of HDN and HDO of practical feed stocks. Though aniline is the most reactive and the pyridine the least reactive among three representative nitrogencontaining compounds, pyridine, pyrrole, and aniline in the individual reactions, pyridine is denitrogenated in preference to aniline in both the simultaneous reaction and the coal naphtha reaction. It is clear that the accessibility of nitrogen-containing molecules to the catalyst surface, as well as their reactivities, gives a pronounced influence on the HDN and HDO performances in the reaction of practical feed stocks. Compounds that have relatively weak accessibility to the catalyst surface are easily inhibited from reaching the catalyst surface by other compounds in the feed stock.
